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FSK  SPECTRA  GENERATION 


Introduction 

A  preliminary  study  of  modulation  techniques  applicable 
to  phase  coherent  FSK  has  been  conducted  under  Contract  Num¬ 
ber  N00014-72-C-0171  with  the  Office  of  Naval  Research.  Re¬ 
sults  of  operational  and  spectral  analyses  conducted  during 
this  study  are  reported  here  along  with  presentation  of  re¬ 
presentative  spectral  data.  Attention  is  restricted  to  binary 
FSK.  This  effort  has  dealt  primarily  with  the  determination 
of  the  spectral  content  of  frequency  shift  modulated  carrier 
signals  generated  by  means  of  a  continuous  phase,  frequency 
shifted,  phase  locked  loop  (PLL)  which  results  in  a  controlled 
frequency  transition  (CFT)  between  mark  and  space  frequencies. 
Additionally,  attention  has  been  given  to  determination  of 
the  frequency  spectrum  corresponding  to  the  effective  modu¬ 
lating  signal;  that  is,  the  demodulated  carrier  signal. 

It  is  well  known  that  a  reduction  in  signal  bandwidth 
can  be  achieved  by  low  pass  filtering  or  otherwise  shaping 

the  rectangular  modulating  or  keying  waveform  which  is 

* 

characteristic  of  FSK  [1,2,3]  .  In  non-coherent  FSK  the  mo¬ 
dulating  signal  can  be  passed  through  a  low  pass  filter,  the 

* 

Numbers  in  brackets  refer  to  similarly  numbered  references 
in  the  Bibliography. 
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filtered  signal  then  being  employed  to  frequency  modulate  a 
voltage  controlled  oscillator  (V CO).  However  in  systems  em¬ 
ploying  coherent  FSK,  such  as  some  VLF  communications  systems 
[4],  the  aforementioned  method  is  not  applicable.  A  method 
applicable  to  coherent  FSK  employs  phase  lock  techniques  [5] 
to  provide  effective  low  pass  filtering  of  the  modulating 
signal  [6].  The  shape  of  the  effective  modulating  signal  can 
be  controlled,  within  limits,  by  means  of  the  phase  locked 
lcop  parameters;  thus,  the  reason  for  consideration  of  PLL 
modulation  wave-shaping  and  the  spectra  generated  by  such  a 
technique. 

Knowledge  of  the  spectral  characteristics  of  CFT-FSK  sig¬ 
nals  is  not  only  useful  in  signal  design  and  subsequent  design 
of  transmitting  and  receiving  systems,  but  also  in  the  specifi¬ 
cation  and  design  of  instrumentation  employed  to  test  and  eva¬ 
luate  such  systems.  Of  particular  interest  here  is  the  effect 
of  the  frequency  transition  time  upon  the  spectral  distribution 
of  energy  and  the  bandpass  characteristics  required  for  trans¬ 
mission  of  the  spectrum.  PLL  parameter  values  are  selected 
which  yield  a  smooth  transition  with  small  overshoot  and  settling 
time.  A  ratio  of  frequency  transition  time  to  bit  length  is  de¬ 
fined  in  terms  of  the  PLL  parameters  pertinent  to  this  applica¬ 


tion.  CFT-FSK  analyses  and  results  of  spectral  calculations 
are  presented  here  and  compared  for  various  values  of  modulation 
index  and  a  selected  class  of  wave-shaping  parameters. 


3 


4 


where  *\  is  a  ficticious  carrier  frequency  centered 

>  * 

between  the  nark  and  space  frequencies,  “l  and  ^2* 

Also,  A<o  is  the  steady  state  frequency  deviation  from  the 
carrier  frequency.  A  unit  amplitude  PUL  input  signal  for 
such  a  frequency  shift  can  be  represented  by 


*  Ait)  =  e infant  +  <p±(t)] 


where 


_  /  -Afflt, 
(pi(t)  “  i  +A£1)t, 


t  <  o 
t  >  o. 


That  is,  the  PLL  is  assumed  locked  to  frequency  “l  and 
is  excited  at  time  equal  zero  by  applying  a  frequency  step 
or  phase  ramp.  The  VCO  output  signal  can  be  expressed  as 

v(t)  =  sin [o>  t  +  cp  Ct )  ] ,  t^o.  (3) 

It  is  assumed  that  the  VCO  natural  frequency  (open  loop 

frequency)  is  equal  to  the  carrier  frequency  in  order  to 

achieve  quarter -wave  symmetry  of  the  modulating  waveform. 

The  instantaneous  phase  deviation  from  the  linearly 

increasing  phase,  is  found  by  solution  of  the  PLL 

c 


6 


a  =  5“>n 


(10) 


P  = 


0) 

n 


(11) 


m  =  AtO/K 
s 


C*2) 


and 


M  =  2 


1  -  26uJn/K  -  (o^/K)' 


(13) 


1-5 

the  solution  of  (4)  for  the  underdamped  case  yields 


cp(t)  =  A«it  +  ~  M  exp(-at)  sin  (Pt+6)  -  cps  (14) 
n 

where 


q  =  arctan 

V",/1  -  s2 

6u>n/K  -  1 

„  — 

Here,  5,  cd^  and  K  are  respectively  the  damping  factor, 
the  loop  natural  undamped  frequency  and  the  open  loop 
gain. 

Taking  the  first  time  derivative  of  (14)  yields 
the  instantaneous  frequency  deviation  from  the  carrier 
frequency , 


7 


<p(t)  =  A°>{l  +  M  exp  (-at)  sin  (0t  +  7}, 


where 


7  =  arctan 


zULjul 

5  -  o)n/K 


Equations  14  and  15  were  derived  for  a  up-shift  in  fre¬ 
quency,  from  to  cOg*  -for  a  down-shift  from  cu^  to  cn^, 
these  expressions  can  be  made  applicable  by  changing 
+  to  -A«o. 

A  plot  of  the  instantaneous  frequency  of  (15)  re¬ 
presents  an  effective  modulation  or  keying  waveform,  as 
illustrated  in  Figure  2.  It  can  be  seen  that  the  shape 
of  the  waveform  is  determined  by  the  parameters  5  and 
u>n/K.  Selection  of  the  value  of  these  parameters  is  pri¬ 
marily  based  upon  the  desire  to  minimize  signal  bandwidth 
for  a  given  frequency  transition  time.  This  suggests  a 
smooth  transition  accompanied  by  small  overshoot  and 
settling  time,  such  as  the  transitions  produced  by  0.7 
<£  6  <£  1  and  “jj/K  =  25  (due  to  physical  realizability 
cons ide  rat ions ,  0  <  VK  £  26)* 

Spectral  Analysis 

In  the  following,  it  is  assumed  that  a  periodic 
modulating  signal  of  frequency  o>  =  2ir/T  is  employed. 


The  values  of  co^/cu  and  u^/cu  are  even  integer  numbers,  and 

the  modulation  index,  m  =  A^/o>,  is  restricted  to  integer 

values,  as  required  by  the  first  PLL  operational  assumption. 

These  conditions  are  sufficient  to  achieve  phase  coherent 

mark  and  space  transmissions,  and  continuous  phase  frequency 

shifts  of  the  PLL  input  signal. 

In  terms  of  the  dimensionless  quantities,  t  =  cut  and 

£i  =  cn  /a),  the  VCO  output  over  one  period  of  the  keying  wave 
c 

can  be  expressed  as 


v(t)  =  sin  (Sir)  cos[4>(r)]  +  cos(£H)  sin  [«I>(t)],  OO) 


where 


$(t) 


f<P« 


»  0  1  T  1  w 
mv,  v  t  £  2-sr 


cp(T)  =  m{r  +  *£—  M  exp  (-§  t)  sin(§  t  +  0)  - 


CJD 

_ n\ 

“uK 


(18) 


The  Fourier  coilvC  crp»nsi«-»«  for  the  VCO  output  or  modula¬ 


te#*  carrier  can  be  expressed  as 


«^-sr-»«*WS5^aS 


:S^A-',i>i,^?^5<’?.;f‘  ZZ^~j  ^*nA^»vNSv54-t 


v(t)  =  CQ  sin  (.Six)  +  Dq  cos  (Six) 


00 

+  2  |cn|{sin[  (Sl+n)x  +  ©n]  +  sin[ (ft-n)r-©n]} 
n=l  '  “ 


IM 

+  £  |D  |{eos[  (Sl+n)x  +  m  ]  +  cos[  (Si**n)T-q>  ]} 

n=l  n  n  n 


The  complex  Fourier  coefficients  are  given  by 


Cfl  =  ~  /  cos  [<p(T>]  exp  (-jnr)  dT 


where 


m  =  even  number,  n  =  even  number 


m  -  odd  number,  n  =  odd  number. 


=  ^  /  sin  [<p(T>]  exp  (-jnx)  dx 


where 


m  -  even  number,  n  =  odd  number 


m  =  odd  number,  n  =  even  number . 


(19) 


(21) 
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The  complex  spectrum  is  therefore  a  function  of  m,  5, 
o>n/K  and  <0/0^. 

In  a  similar  manner,  the  effective  modulating  sig¬ 
nal  becomes 


vm(t) 


<?(t)  ,  0  £  T  <  T 

-tpCr),  v  £  t  £  2ir 


(22) 


where 

«p(t)  =  A<u{l  +  M  exp  (-  ^  t)  sin  (£  t  +  7)}.  (23) 

The  Fourier  series  representation  of  the  modulating  sig¬ 
nal  is 

OO 

v  (t)  =  Z  I A Icos  (nx  +  X_)  (24) 

n=l,3,5f . . .  n  n 

due  to  the  existance  of  rotational  symmetry  of  the  wave¬ 
form.  The  complex  coefficients  are  given  by 

v 

An  =  w  /< P<T>  exp  (-jnx)  dT.  (25) 

o 

The  complex  spectrum  corresponding  to  the  effective  modu¬ 
lating  signal  is  therefore  a  function  of  r,  cd^/k  and  co/co 


11 


It  is  useful  to  define  a  new  dimensionless  parameter. 


frequency  transition  time,  t 


Ts  - 


bit  length,  T/2 


which  can  be  conveniently  related  to  the  ratio  ui/uj^  by 


letting  t  =  2 rr/oi  ,  which  yields 

a  xi 


TS  =  2  5T  • 

3  n 


Thus,  for  example,  t  =  0.5  corresponds  to  a  total  frequency 


transition  time  equal  to  one-half  of  the  bit  length.  Rectan¬ 


gular  wave  modulation  thus  corresponds  to  t  =  0. 


The  spectrum  corresponding  to  the  effective  modulating 


signal  can  be  calculated  in  a  straight  forward  manner  by 


evaluation  of  (?-5)  giving 


AJ  - 


4  AO)  /  a2  +  b2 


n'  nir 


2  ,2 

c  +  d 


(28) 


X  =  arctan  (b/a)  r  arctan  (d/c), 
n 


where 


n(o)/cDn)  (2s  -  cu^/k) 


=  2n5cu/tn 


1  -  (ncn/cun)2. 


'mmm- 


•-CHh-tA-  *=e«^is^^^saf^c-  v.?iA&!z. 


Equation  28  yields  the  complex  amplitude  spectrum  for  a  rec¬ 
tangular  modulating  signal  by  letting  r  -  2tu/oi  =  o. 

s  n 

A  means  for  evaluation  of  the  integrals  of  (20)  and  (21) 
in  closed  form  to  yield  the  modulated  carrier  spectrum  is  not 
evident,  except  in  the  special  case  wher^  r  -  0  corresponding 
to  rectangular  wave  modulation.  Two  approaches  tov/ards  deter¬ 
mination  of  the  modulated  carrier  sp~otrum  have  been  considered. 
The  first  method  involves  a  Taylor  series  expansion  of  the  in¬ 
stantaneous  phase  expression  given  by  (14),  and  subsequent  term 
by  term  integration  to  yield  the  desired  spectral  information 
[6].  This  approach  leads  to  excessive  computation  when  large 
values  of  the  transition  ratio  and/or  modulation  index  are  con¬ 
sidered  because  the  series  converges  slowly.  The  second  ap¬ 
proach  makes  use  of  the  fast  Fourier  transform  algorithm  [7], 

The  fast  Fourier  transform  technique  was  employed  to  calculate 
the  modulated  carrier  spectra  presented  for  all  r  >  0.  The  com- 

o 

plex  amplitude  spectrum  •‘'or  t  =0  can  be  found  as  described  in 

s 

Appendix  I. 


Spectral  Data 

Numerous  combinati -ns  of  PLL  parameter  values  are  possi¬ 
ble.  In  general,  the  spectral  bandwidth  of  the  modulating 
signal  is  more  sensitive  to  variations  of  the  loop  parameters 
than  the  modulated  carrier  bandwidth.  Examination  of  (28)  in¬ 


dicates  that  the  magnitude  of  the  modulating  signal  amplitude 
spectrum  drops  off  at  a  maximum  rate  of  l2db/oetave  for  large 


n,  except  in  the  case  where  u^/k  =  2f.  which  results  in  a 
decrease  of  18db/octave  (See  Figure  2).  This  compares  with 
6db/octave  for  r  =  0.  The  PLL  configuration  corresponding 
to  co^/K  =  25  is  relatively  easy  to  implement  since  the  phase 
lag  filter  shown  in  Figure  1  reduces  t->  a  simple  RC  low  pass 
filter,  allowing  convenient  control  of  the  transition  time. 
Additionally,  selection  of  -  0.9  provides  a  s..  Ih  fre¬ 
quency  transition  with  small  overshoot.  Thus,  consideration 
is  restricted  to  this  particular  PLL  configuration  in  the 
following  paragraphs.  Complex  amplitude  spectral  data  have 
been  calculated  which  correspond  to  the  modulating  signal 
and  the  modulated  carrier.  These  magnitude  and  phase  data 
are  presented  in  Tables  1  through  5  and  Tables  6  through  30, 
respectively,  in  Appendix  TI.  Modulated  carrier  3pectral 
data  are  presented  for  modulation  index  values  of  1,  2,  5,  10 
and  25. 

Spectral  envelopes  of  the  discrete  spectral  magnitudes 
are  employed  here  to  summarize  the  effects  of  modulation  wave¬ 
shaping  upon  the  resulting  spectra.  With  regards  to  the  modu¬ 
lating  signal,  it  has  been  shown  in  (24)  that  all  even  order 
harmonics  have  zero  value.  Thus,  the  odd  order  harmonics  have 
discrete  values  lying  on  the  envelope  curve  corresponding  to 
their  respective  harmonic  numbers.  Figure  3  shows  such  spec¬ 
tral  envelopes  corresponding  to  5  -  0.9  and  u>n/K  =  1.8  (See 

Figure  2)  for  several  values  of  r^,  including  t  =  0  for 

s  s 


Vfr<‘  ** -£*>?<3j  $?&  «? '^~-*‘t ’“  ■yKv? 


g  I 
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comparative  purposes.  (These  curves  have  been  plotted  from 
the  data  of  Tables  1  through  5.)  While  the  magnitude  of  the 


spectrum  corresponding  to  -  0  decreases  at  a  rate  of  6db/ 

O 


octave  for  large  n,  it  is  seen  that  this  rate  increases  to  a 


maximum  of  18db/octave  for  relatively  large  values  of  t  ,  as 

s 


indicated  by  (28) . 

Representative  effects  of  controlled  frequency  transi¬ 
tions  upon  the  frequency  s  pectra  of  frequency  shift  modulated 
carriers  are  depicted  in  the  line  spectra  of  Figure  4.  Only 
the  sidebands  above  the  carrier  are  shown  since  each  magnitude 
spectrum  is  symmetrical  about  the  carrier  as  seen  from  (19). 
Figure  4  also  illustrates  spectral  envelopes  under  which  all 
spectral  lines  exist.  In  the  case  of  instantaneous  frequency 


transitions  (t  -  0) ,  certain  spectral  lines  under  the  enve- 
s 


lope  are  zero  valued.  However,  controlled  frequency  transi¬ 


tions  (t  >0)  cause  these  lines  to  appear.  The  spectral  enve- 
s 


lopes  of  Figure  4  show  that  the  spectral  energy  is  shifted  to¬ 


wards  the  carrier  with  increasing  values  of  t  .  That  is,  the 

o 


signal  bandwidth  is  reduced  as  compared  with  that  corresponding 
to  an  instantaneous  frequency  transition.  These  effects  are  typi¬ 
cal  and  general  conclusions  may  be  drawn. 

Utilizing  the  data  presented  in  Tables  6  through  30, 
modulated  carrier  spectral  amplitude  envelopes  are  shown  in 
Figures  5  through  9  depicting  dependence  upon  modulation  index 


and  various  values  of  the  transition  ratio,  including  Tg  =  0 


curves  for  comparative  purposes.  Corresponding  to  t  =  0  and 


:■  -  .Ja 


15 


gr 


2  2 

n  »m  ,  the  spectral  magnitude  decreases  at  a  rate  of  12db/oc- 

tave.  Appendix  I  shows  that  the  signal  bandwidth  for  t  =0 
2  2 

and  fx  »m  increases  as  the  square  root  of  ra  when  compared  with 
a  modulation  index  of  unity.  For  r  >0,  the  spectral  magnitude 

«9 

drops  off  at  a  rate  which  increases  with  increasing  values  of 
modulat  ion  index . 

Modulated  carrier  signal  bandwidths  as  a  function  of  the 
transition  ratio  are  shown  in  Figure  10  for  various  values  of 
modulation  index.  An  arbitrarily  selected  40db  bandwidth  is 
employed  for  comparative  purposes .  This  figure  shows  that 
the  maximum  reduction  in  modulating  signal  bandwidth  is  ob¬ 
tained  for  large  modulation  index  values;  that  is,  the  sig¬ 
nals  requiring  the  largest  passbands.  Also  shown  in  Figure 
10  is  the  bandwidth  variation  of  the  modulating  signal  with 
transition  ratio,  and  it  is  noted  that  the  modulating  signal 


bandmidth  is  more  responsive  to  changes  in  ag  than  is  the 
modulated  carrier  signal  bandwidth. 


Conclusions 

A  phase  lock  frequency  modulation  technique  has  been 
investigated  which  has  application  to  phase  coherent  FSK. 
This  technique  utilizes  a  phase- locked  loop  (PLL)  to  pro¬ 
vide  effective  modulation  wave-shaping  and  a  corresponding 
reduction  of  the  effective  modulating  signal  and  modulated 
signal  bandwidths  as  compared  with  those  resulting  from  rec¬ 
tangular  wave  frequency  modulation,  or  an  instantaneous 


frequency  shifted  carrier.  An  analysis  of  the  PLL  response 
to  an  instantaneous  frequency  shift  has  been  presented,  along 
with  representative  responses  as  a  function  of  the  loop  yara- 
meters.  Spectral  analyses  have  been  conducted  and  results 
presented  for  this  controlled  frequency  transition,  frequency 
shift  keyed  (CFT-FSK)  type  modulated  signal  and  for  the  corre¬ 
sponding  effective  modulating  signal.  A  selected  class  of 
PLL  parameters  and  various  values  of  transition  ratio  and 
modulation  index  have  been  considered.  The  PLL  parameters 
selected  yield  a  smooth  frequency  transition  with  small  over¬ 
shoot  of  the  final  frequency  value.  The  results  reported  here 
demonstrate  that  significant  bandwidth  reduction  and  variation 
of  such  can  be  realized  for  the  modulated  signal,  with  a  more 
pronounced  change  realized  for  the  effective  modulating  signal. 

The  analyses  and  results  of  the  spectral  calculations 
presented  here  suggest  several  areas  which  can  benefit  from 
this  work  or  an  appropriate  extension  of  such.  With  regards 
to  the  signal  bandwidth  variations  which  can  be  achieved  through 
the  loop  parameters,  modulation  frequency,  modulation  index  and 
frequency  transition  time,  a  wide  variety  of  signal  designs  are 
possible.  The  signal  characteristics  can  be  matched  to  some 
degree  to  realizable  bandpass  characteristics  for  test  and 
evaluation  purposes.  Related  work  in  the  area  of  CFT-FSK  has 
shown  good  agreement  between  theory  and  practice  [8];  thus  the 
actual  signal  characteristics  are  predictable.  Such  is  the 
case  because  the  PLL  model  and  operational  assumptions  which 


if 


& 


I 


I- 


m 
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have  been  chosen  are  realistic  ones. 

Concerning  the  bandwidth  reduction  characteristics  of 
the  CFT-FSK  method,  no  attempt  has  been  made  to  optimize  the 
PLL  configuration  or  signal  design  employed  here  from  the 
viewpoint  of  bandpass  distortion  and  detection  as  applied 
to  communications  systems.  This  is  an  area  which  can  uti¬ 
lize  the  theory  and  results  presented  here,  in  particular 
where  application  is  made  to  phase  coherent,  narrowband, 
VLF-FSK  systems. 
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APPENDIX  I 


Rec'  "mlar  Wave  Modulated  Carrier  Spectrum 


j..  e  phase  function  given  by  (18)  for  the  case  of 
instantaneous  (t  -  0) ,  periodic  frequency  shifts  becomes 
simply 


<p(r)  =  mT. 


Employing  (20)  and  (21),  the  complex  Fourier  coefficients 
are  found  to  be  as  follows. 


(i)  m  =  even  integer; 

C  =  0.5,  n  =  m 
n  ’ 

C  =0,  otherwise 
n  ’ 


D„  -  7?hrr-  •  »  -  3>  5- 

(m  -n  )ir 


D  =0,  otherwise 
n  ’ 


(ii)  m  =  odd  integer; 

C  =  0.5,  n  =  m 
n 

C  =0,  otherwise 


.  2  2. 

(m  -n  )it 


=  0,  2,  4, 


D  =0,  otherwise 
n 


l 

i 


ISS 


The  magnitudes  of  the  sidebands  (and  spectral  envelopes) 
for  n>m  are  given  by 


n  <n2-m2)iT 


Expressing  the  sideband  magnitude  in  decibels. 


n'db 


=  -20  log 


,2  2.  1 
(n  -m  )tt  i 


An  approximate  expression  can  be  written  for  large  values 
of  n  relative  to  m;  that  is 


Dnldb  =  ”20  log  (ir/2)  -  40  log  (n)  +  20  log  (m) ,  n2»m2. 


The  spectral  magnitude  decreases  at  the  rate  12db/octave  for 
fixed  values  of  m.  The  above  expression  also  shows  that  the 
signal  bandwidth  increases  as  the  square  root  of  m  when  com¬ 
pared  to  that  corresponding  to  unity  modulation  index.  That 

is,  for  example,  an  arbitrarily  defined  signal  bandwidth, 

2  2 

n  »m  ,  will  increase  by  a  factor  of  5  if  the  modulation  index 
is  increased  from  1  to  25. 


'iwitf*''*'”  *“**** 
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A  =  modulation  index,  m  (where  applicable) 

B  *=  damping  factor,  5 

C  =  ratio  of  loop  natural  undamped  frequency  to 
open  loop  gain,  «>n/K 

D  =  frequency  transition  ratio,  Tg 

N  =  harmonic  number  and  sideband  order,  n. 


Aster ists  (****)  ?»hich  appear  in  the  heading  of  tables 
denote  that  the  corresponding  parameter  is  not  applicable 
for  the  particular  case  under  consideration.  An  example  is 
the  case  of  data  presented  for  instantaneous  frequency  transi¬ 
tion.  Asterists  (*****♦)  entries  also  appear  in  the  tabulated 
data  corresponding  to  amplitude  spectral  values  whose  magnitudes 
are  more  than  lOOdb  be lew  the  unmodulated  carrier.  Such  values 
are  deleted  from  the  tables  because  computation  accuracy  becomes 


? 
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TABLE  1  MODULATING  SIGNAL  SPECTRAL  DATA 
Be****  c»****  D«0.00 


N 

MAGNITUDE  ' 
(DB) 

PHASE 

(DEG) 

1 

3 

-3.92 

-13.46 

-90.0 

-90.0 

5 

-17.90 

-90.0 

7 

-20.82 

-90.0 

9 

-23.00 

-90.0 

11 

-24.75 

-90.0 

13 

-26.20 

-90.0 

15 

-27.44 

-90.0 

if 

-28.53 

-90.6 

19 

-29.49 

-90.0 

21 

-30.36 

-90.6 

23 

-31.15 

-90.0 

25 

-31.86 

-90.0 

27 

-32.54 

-90.0 

29 

-33.17 

-90.0 

31 

-33.74 

-90.0 

33 

-34.29 

-90.0 

35 

-34.80 

-90.0 

37 

-35.28 

-90.0 

39 

-35.74 

-90.0 

4i 

nuai-n  CTfc&fti 

-90.0 

43 

—36*59 

-90.0 

45 

-36.98 

-90.0 

47 

-37.36 

-90.0 

49 

—37.72 

-96.TS 

51 

-38.07 

-90.0 

33 

-38.40 

-90.0 

55 

-38.72 

-90.0 

57 

-39.03 

-90.0 

59 

-39.33 

-90.0 

61 

-39.62 

-90.0 

63 

-39.90 

-90.0 

65 

67 

-40.44 

-90.0 

69 

-40"i  69 

-90.0 

71 

-40.94 

-90.0 

73 

-41718 

-90.0 

75 

-41.42 

-90.0 

77 

-41.65 

-90.0  ”  '  '  ' 

79 

-41.87 

-90.0 

51 

-4T.09 

— 90.UT 

03 

-42.30 

-90.0 

85 

-42.51 

-90.CT 

87 

-42.71 

-90.0 

89 

-42.91 

-90.0 

91 

-43.10 

-90.0 

93 

-43.2^ 

^56. IT 

95 

-43.47 

-90.0 

97 

-43.65 

99 

-43.83 

-90.0 

TABLE  2  MODULATING  SIGNAL  SPECTRAL  DATA 


MAGNITUDE 
DB 

3* 

3* 


ktfl-T.l 


-20*99 


9 

-23*28 

11 

-25*16 

-] 

13 

-26.77 

'  -] 

15 

-28*21 

m  4 

rtJiH 


-30*73 


35.03 


-36*98 

-57*92 


-39.74 


WTIT 


^47^*7 


-49*31 


67 

-51*36  1< 

"  -  -  -  -  ~*9 

-52*01  1' 

71 

-52.65  1' 

”  '  . . 73 

'  -53.29  "  1- 

75 

-53*90  1' 

-55*10 
-55*69 
-56*26 
—56"  •  12 
-57*37 

-57*91 - 

-58.44 
-55*96 
-59.47 
-59. 9T  ' 
-60*47 


140*7 

137.6 

136*4 

IT7Y4 

136*3 


134*4 

133V5 

132*6 

131*8 

130*9 


W&iJdv aV.V'«  >krW  y.*s 


g:  ! 
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0~ 

1 

TABLE  4  MODULATING  SIGNAL 

SPECTRAL  DATA 

*  ~ - .  -  -  . ._  _ 

B-0.90 

‘  ■  N 

C»l780 

MAGNITUDE 

(DB) 

■~04S7?0“ . . 

PHASE 

(DEG) 

-T0D73  ‘  . 

-120.6 

*  - 

l 

3 

"  7.97““  '  ' 
-13.95 

5 

-19.27 

-140.1 

7 

-23.49 

-157.9 

.  9 

'  77773 - 

"773. 7 . . 

11 

-30.73 

173.9 

-  _13. 

-33.94 

“153.5 

15 

-36.91 

155.1 

17 

—39.64 

—14572 - 

19 

-42.17 

142.6 

21 

-44750 

"“157.9“ 

23 

-46.66 

133.9 

J  ^ 

-  Z5  '  ‘ 

-48V67  ' 

130.6“  . 

i 

27 

-50.55 

127.6 

1 

. 29" 

—52 .31 

125.1 

| 

31 

-5^.97 

122.9 

j 

-  -  ^ 

-95. 5T 

120.9 

j 

i 

35 

-57.01 

119.2 

! 

-  37~ 

-58.41  ' 

“ri776  '  —■  '  “ 

i 

l 

f 

39 

-59.74 

116.2 

« 

41 

-6 1 .OT~ 

TT570  . 

1  . 

43 

-62.22 

113.8 

I  * 

45 

-63.38 

112.8 

* 

i 

47 

-64.49 

111.8 

! - 

i 

-  49 

-'65.56“ 

1T0.9 

* 

51 

-66.56 

110.1 

53 

-67.57 

10974 - 

: 

55 

-68.52 

108.6 

i  '  . -  -. 

i 

-  -  -  --jy- 

-69.44 

108.0 

*. 

59 

-70.32 

107.4 

i  ~ 

—  ~sr 

‘  "  -71718  “ 

106.5“ 

1  __  .  . 

63 

-72.01 

106.3 

f 

65 

—72. 82 

105.8 

5 

i  ~  . ..  .^  -  -  - 

67 

-73.60 

105.3 

i 

69 

■74736 

164.9 

71 

-75.10 

104.5 

i 

. T5 

— 75 . 82 

104. 1  . .  . 

75 

-76.52 

103.7 

j 

77 

-77.20 

103.3 

1 

79 

-77.86 

103.0 

l  ~ 

{ 

iX 

-78. 5T 

102.7 

83 

-79.14 

102.4 

1 

>  w 

85 

-79.76 

102.1  “ 

! 

87 

-80.36 

101.8 

89 

—80.93 

101.5 

91 

-81.53 

101.3 

-  _  93 

-82^09 

“  101^0  -  -  - 

95 

—82.64 

100.8 

1  v  ^ 

-  -97- 

73.  T8 

100.6*  ~~ 

99 

-83.71 

100.4 
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TABLE  5  MODULATING  SIGNAL  SPECTRAL  DATA 


B«0.90 

£=1.80 

D-0.40 

N 

MAGNITUDE 

PHASE  ' 

(DB) 

(DEG) 

i 

-4.13 

-110.5 

3 

-15.44 

-149.3 

5 

-23.00 

-180.0 

7 

-29.44 

159.1 

9 

-34.91 

145.3 

11 

-39.58 

135.8 

13 

-43.61 

129.0 

15 

-47.13 

124.0 

1 7 

-50.26 

120.0 

19 

-53.06 

116.9 

21 

-55.60 

114.4 

23 

-57.92 

112.3 

25 

-60-.O5' 

110. 5 

27 

-62.03 

109.0 

29 

-63.86 

107.7 

31 

-65.58 

106.5 

33 

-67.19 

105.5 

35 

-68.71 

104.7 

37 

-70.15 

103.9 

39 

-71.51 

103.2 

4l 

-72.81 

102.5 

43 

-74.04 

101.9 

45 

-75.22 

101.4 

47 

-76.35 

100.9 

49 

—77 .43 

"10D.5 

51 

-78.46 

100.1 

5* 

-79.46 

99.7 

55 

-80.42 

99.3 

57 

-81.35 

99.0 

59 

-82.25 

98.7 

61 

-83.11 

98.4 

63 

-83.95 

98.1 

65 

-84.77 

97.9 

67 

-85.55 

97.6 

69 

-86.32 

97.4 

71 

-87.06 

9702 

73 

-87.TF 

97,0 

75 

-88.49 

96.8 

77 

"-89.17 

96.6 

79 

-89.84 

96.5 

8l 

-9tf,49 

96.3 

83 

-91.12 

96.2 

85 

-91  •'74 

'96.3  ----- 

87 

-92.35 

95.9 

69 

-92.94 

95.7 

91 

-93.52 

95.6 

$3 

-94. 08 

9  r.r  ' 

95 

-94.64 

95.4 

97 

-93.18 

93.3  '  . . 

99 

-95.71 

95.2 

TABLE  6  MODULATED  CARRIER  SPECTRAL  DATA 
a>  l  a**#*#  £•••**  0*0,06 


magnitude 

(DB) 

-5192 

-6*02 

-19.46 

****** 

"■427744" 

****** 

“34*80  ' 
****** 


PHASE 
(DEG) 
0*0 
0*0 
180.0 
*****  Jt 

~  Tqo*o 

****** 

180.0 

****** 

“T 3U70~ 


9 

•*••»* 

»*»*•» 

TOT" 

-43.85 

180.0 

11 

****** 

****** 

IT 

-47.02 

180.0 

13 

****** 

****** 

14 

-49.72 

180.0 

15 

****** 

****** 

16 - 

~ -52.05 

180.0 

17 

»»•••» 

****** 

"IT  - 

-54.10 

rso.o 

19 

****** 

****** 

21 

22 

23 

24 
29 


****** 

-97.60 

****** 

-19.11 

••••*« 


180.0 

****** 

180.0 

•«**•• 


*•*••» 

-61.79 

»•••*• 

-62 . 99 

*•*••* 


•*««*« 

180.0 

««•**• 

180.0 

****** 


****** 

-65.17 

****** 

-66.16 

****** 


****** 
160  .or 

****** 

180.0" 

****** 


****** 

-67.99 

****** 

-68.84 

••*•«« 


****** 

180.0 

****** 

150.0 

****** 


****** 

-70.42 

****** 

-n.T6 

****** 


****** 

"TID.T5 

****** 

T8D.0 

****** 


t~ftz* ifr+r/Zjcji  -vi"  -. 
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TABLE  7 

MODULATED  CARRIER 

SPECTRAL  DATA 

A*  1 

B*0*50  C*l»80 

0*0*05 

N 

MAGNITUDE 

PHASE 

(DB) 

(DEG) 

0 

-3.91 

0*0 

1 

-6.02 

-2*5 

2 

-13*47 

174*8 

3 

****** 

4 

-27*49 

169*6 

5 

*•»**• 

•«**•« 

6 

-34*92 

164*5 

7 

****** 

•••**• 

8 

'  -46.12 

159*4 

9 

****** 

id 

-44*17 

154*3 

n 

••**•• 

****** 

- 

-47751“ — 

14943' 

13 

****** 

****** 

14 

-50*38 

144*3 

15 

****** 

***••» 

16 

-52*92 

139*3 

17 

«**«•* 

****** 

16 

—55*21 

134*5 '  . .  *  ‘ 

19 

****** 

****** 

2o 

-57.31 

'  12947 

21 

*«••«* 

****** 

22 

•5ff26 

'  12541  " 

23 

**«»•« 

****** 

24 

-51408 

rzo*6 

25 

*«•*•» 

****** 

26 

— 62*  6l 

116*2 

27 

****** 

*••••• 

—  -  ?r~ 

”=■04*45“ 

11270  ‘  . 

29 

•*•*•• 

■  JO 

-66403 

107.9  .  ... 

31 

****** 

32 

-67.54 

104*0 

33 

****** 

*•••*• 

. .  34” 

-697  00 

100*2  - - 

35 

«**•*• 

****** 

36 

-70*41 

96*6 

37 

****** 

36 

—  /I  •  7  7 

93*2 

39 

•*»*•* 

-  -  -40~ 

-73470“ 

“8949” "  '  “  - 

41 

****** 

42 

-74*38 

86*8 

43 

****** 

44 

—75*63 

83*9 

45 

«•*«•* 

****** 

46 

— ?6*  84 

81*0 

47 

****** 

**••«« 

48 

— 16*03 

TB*4~-'  --- 

49 

•••**• 

44 


TABLE  12 

MODULATED  CARRIER 

spectral  data 

km  2 

B-0.90  C«1.80 

D*0«05 

N 

MAGNITUDE 

PHASE 

IDB) 

(DEG) 

0 

-94.06 

180.0 

1 

-7.43 

-2.5 

2 

-6.02 

-5,1 

3 

-11.89 

172.2 

4 

-94.08 

168.8 

5 

-24.41 

167,1 

6 

-93.97 

163.2 

7 

-31.11 

161.9 

3 

-03.89 

156.9 

9 

-35.69 

156.8 

10 

-33.80 

150.7 

11 

-39.66 

151.8 

12 

-53.72 

14378 

13 

-42.81 

146.8 

14 

=9^757 

137.1 

15 

-45.54 

141.8 

16 

-93.64 

179.6 

17 

-47.97 

136.9 

18 

-93758 

17773  -  --  - 

19 

-50.17 

132.1 

2U 

-93.74 

114,6 

21 

-52.21 

127.4 

22 

■=93787" 

10770 

23 

-54.10 

122.8 

24 

=94705  ' 

9977 

23 

-55.88 

118.4 

"  1 '  26 

=94779 

9l.5 

27 

-57.57 

114.0 

26 

■=94.58“ 

8378 

29 

-59.18 

109.9 

30 

-94794 

7673 

31 

-60.73 

105.9 

32 

-95.30 

68.8 

33 

-62.22 

102.0 

34 

-95.76 

6174  '  *  *  ~ 

35 

-63.65 

98.3 

36 

-96,18 

34.3 

37 

-65.04 

94.8 

35 

—96,68 

47.6 

39 

-66.39 

91.4 

40 

’  =97774 - 

4579 . 

41 

-67.70 

88.3 

42 

-97.80 

'  3472  •  -  -  . - 

43 

-68.96 

85.2 

44 

-98.37  ~ 

28.0 

45 

-70,20 

82.3 

46 

=99700 

7179  '  - 

47 

-71.40 

79.6 

...  *•*!" 

-99*  59 

1677  - 

49 

-72.56 

77.0 

47 


TABLE  13  MODULATED  CARRIER  SPECTRAL  DATA 
S7~2  B-6.90  £*1.80  0-0,40 


N 

MAGNITUDE 

PHASE 

CDB) 

(DEG) 

o 

-39,80 

180.0 

1 

-6,86 

-20.8 

2 

-6, 1 9 

-4l.O 

3 

-12,84 

119.0 

4 

-41,57 

72,0 

5 

-28.37 

84.3 

6 

-45.23 

19.2 

7 

-38.97 

60.6 

8 

-50.29 

=7275" 

9 

-47.28 

47.1 

10 

—53,66 

-~=57.T  '  ' 

11 

-53.89 

37.7 

12 

-60.80 

~  -75.0  "  "  ~ 

13 

-59.47 

29.8 

14 

-65.51 

15 

-64.41 

23.2 

16 

-69.80 

-103.5 

17 

-68.67 

18.0 

18 

-T3.70 

-113.2 

19 

-72.92 

14.0 

20 

-77.26 

-120,8 

21 

-76.60 

11.1 

22 

”  "  -B0753 — 

-127.1  - 

23 

-79.96 

3.9 

24 

-8Ti55 

”-132.2  - - - 

25 

-83.05 

7.3 

26 

-86.35 

-136.4 

27 

-65.88 

6e  1 

28 

-88.95 

-139.9 

29 

-68.51 

5.3 

30 

-91.36 

-142.9 

31 

-90.95 

4.4 

32 

-93.64 

-145.6 

33 

-93.22 

4.0 

34 

-95.76 

-147.7 

35 

-95.33 

3.6 

36 

-97.  er 

- i 49 ,7 

37 

-97.33 

3.4 

38 

-99.70 

—151.7 

39 

-99.23 

3,1 

40 

****** 

41 

****** 

****** 

42 

¥»»#**■ - 

****** 

43 

««**•« 

****** 

44 

****** - 

- ¥¥¥¥¥¥ - 

45 

*•••** 

****** 

46 

****** 

47 

4T 

49 


****** 

“¥¥*¥** 

****** 


****** 

**»¥** 


48 
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TABLE  16 

MODULATED  CARRIER 

SPECTRAL  DATA 

A*  5 

o**** 

D«0.OO 

N 

MAGNITUDE 

PHASE 

<DB) 

(DEG) 

0 

—IT.  90 

“673 

1 

****** 

2 

*■16*36 

0.0 

3 

****** 

****** 

4 

afafiTiaasap,yt'*?^6-  ^ v  ■’  i 

0.0 

5 

04 

O 

• 

>o 

1 

0.0 

6 

-10.77 

16070“ 

7 

«***•• 

**•««• 

6 

—2 1*76 

160.0 

9 

****** 

****** 

10 

-27.44 

180.0 

11 

•*«••* 

****** 

i2 

—31.45 

180.0 

13 

****** 

****** 

14 

-34.60 

18C.0 

15 

****** 

«*•*«• 

16 

-37.21 

“180.0 

17 

****•• 

16 

-39745 

T6370 

19 

Ztf 

21 

****** 

-  -jj- 

-43  .IT 

180.0 

23 

*••••» 

•*•*•* 

24 

-44776 

160.0 

25 

****** 

26 

16o.o 

27 

*••«*• 

26 

-47.54  ' 

T807D 

29 

•••••* 

****** 

30 

-46.76 

"13070 

31 

••••*• 

****** 

32 

-49.93 

33 

•*•••• 

34 

—51.01 

160.0 

35 

**•••• 

****** 

TT 

—  -"52.02 

"  reoio  . .  . . 

37 

****** 

*••••• 

90 

39 

****** 

— 

-  ...  40" 

-51.68 

160  .3 

41 

****** 

****** 

“  '  ”  "  42" 

-54.74 

180J0  ‘ 

43 

*•*»•« 

****** 

46 

—95.56 

45 

*•••** 

46 

—56.35 

18040 

47 

****** 

****** 

~48~ 

~  -=5T.TJ9 

“1604XT 

49 

****** 

r 


TABLE  H  MODULATED  CARRIER  SPECTRAL  DATA 


27 

10" 

29 

so — 

31 


MAGNITUDE 
_<DBJ_  _ 
-177,01 
-78*17 


-78*13 
-1799 
-6*02 
-157  80' 
-78*03 


-21*09 

-77.94 

”=27759 

-77.87 

"=5T753~ 

-77.81 


cmi 


-77*78 

=377«~ 

-77.79 

-40*46 

-77.85 


MTV 


-77.95 

-447T2T 

-78.10 

=4*762" 

-78.31 


-40.41 

-78.57 

-50.09 

-78.87 

-51.70  ' 

-79.23 


PHASE  ' 
(OEG) 
0.0 
177.1 


171.5 

"-10.5" 

-12.8 

164.5 
159.7 


159.4 

153.5 
154.3  " 
147.0 

1*972 

i40.2 


87.8 

111.7 

80.2 

10775 

72.8 


45 

45~ 

47 

"41" 


-82.74 

-62.68 

-83.35 

-63.85 


25.3 
*07* 

19.4 
7776 


51 


TABLE  19  MODULATED  CARRIER 

SPECTRAL  DATA 

Ji-5 

B*0«90  C«1.80 

D-0.20 

.  N 

magnitude 

PHASE 

(DB) 

(DEG) 

0 

-16.75 

0.0 

1 

-42.00 

166.9 

2 

-15.42 

-20.9 

3 

-42.22 

140.6 

4 

-8.62 

-41.5 

5 

-6.14 

-51.3 

6 

-11.26 

118.5 

7 

-43.43 

37.1 

8 

-23.53 

99.5 

9 

-44.61 

59.9 

10 

-30.88 

82.2 

11 

-46.30 

33.5 

. . . 12 

-36.89 

6775  ~  ‘  "  . 

13 

-48.44 

9.1 

14 

-42.18 

“36.4 

15 

-50.92 

-12.5 

16 

-46.84 

48.3 

17 

-53.57 

-31.1 

"  "  IB  ' 

. =y<r.9T 

42.5 

19 

-56.28 

—46.8 

20 

—54.48 

3777 

21 

-58.97 

-60.2 

22 

-37.66 

33.3 

23 

-61.58 

-71.4 

24 

-60.57 

29.0 

25 

-64.09 

-81.0 

26 

—63.26 

2779 

27 

-66.48 

-89.2 

28 

-65^34 

2T.0 

29 

-68.76 

-96.3 

30 

-68.26 

'  17.5'  " 

31 

-70.93 

-102.5 

32 

— 7o.6l 

14.2 

33 

-72.99 

-107.9 

. .  34” 

-727E4 

_  XUJt.  ..  ... 

35 

-74.96 

-112.8 

. . . 36  ‘ 

'  =74797 - 

1.8  "" 

37 

-76.84 

-117.1 

90 

-77.01 

6«7 

39 

-78.64 

-121.0 

- -  .  -  -w  - 

'  '  -76797“  " 

4i¥  -  —  -  “ 

41 

-80.36 

-124.4 

*2 

=80764”  ' 

341  *  ”  " 

43 

-82.02 

-127.6 

44 

-62.62 

1.6 

45 

-83.60 

-130.4 

46 

=ir.ir  ‘ 

047  “ 

47 

-85.13 

-133.0 

40 

=88400* 

-  -OV<T* . 

49 

-86.59 

-135.3 

1  t 


•‘>i  *£&&&&&■ 


-  ■ •*&i*i f>-r£ 
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TABLE  20 


A«  5 

6-0.90  C*l. 

80  D*0.40 

N 

magnitude 

PHASE 

(DB) 

(DEG) 

0 

-15.12 

0.0 

1 

-25.42 

154.2 

2 

-13.98 

—41.0 

3 

-26.52 

104.0 

4 

-7.93 

-82.5 

5 

—6.66 

-101.4 

6 

-12.22 

56.6 

7 

-31.Q2 

7.8 

8 

-27.52 

21.5 

9 

-35.31 

-37.9 

10 

-38.34 

3.7 

11 

-40.82 

-73.5 

12 

-45.65 

-2.3 

13 

-46.45 

-97.8 

14 

-50.87 

-12.0 

15 

-51.58 

-114.1 

15 

-55.58 

-24.2 

17 

-56.12 

-126.0 

18 

-60.07 

-35.9 

19 

-60.19 

-135.5 

20 

-64.31 

-46.1 

21 

-63.92 

-143.2 

22 

-68.26 

-54.8 

23 

-67.38 

-149.5 

24 

-72.00 

-62.4 

25 

-70.59 

-154.6 

26 

—7$. 48 

-68.9 

27 

-73.59 

-158.7 

28 

—78.73 

-74.4 

29 

-76.37 

-162.0 

30 

—81779 

-79.3 

31 

-78.98 

-164.6 

32 

—84.66 

- H5T76 - 

33 

— 81o4l 

-166.6 

34 

-8T.35 

-8773 

35 

-83.69 

-168.2 

36 

-89.89  ' 

-90.6 

37 

-85.82 

-169.5 

38 

—$2.28 

-93.5 

39 

-87,84 

-170.6 

40 

-94.53 

-96.3 

41 

-89.75 

-171.5 

42 

-96.63 

-98.4 

43 

-91.54 

-172.3 

44 

-98.75 

-100.5 

45 

-93.21 

-172.8 

46 

****** 

4^ 

-94.86 

-173.3 

4  h' 

*<f*#*# ' 

40 

-96.37 

-173.7 

0 
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1 
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TABLE  21 

MODULATED  CARRIER 

SPECTRAL  DATA 

A»10 

B«**»* 

D*0*00 

N 

MAGNITUDE 

PHASE 

(DB> 

(DEG) 

0 

*•*«•* 

1 

-23*83 

0*0 

2 

*••*•* 

3 

-23*10 

0*0 

4 

****** 

»*••** 

5 

-21*42 

o.c 

6 

•••••« 

»*•*«* 

7 

-18*07 

0*0 

6 

¥¥¥*** 

"**¥*¥¥ 

9 

-9*49 

0*0 

10 

-6*02 

0*0 

%  »" 

11 

-10*36 

180*0 

12 

#**••* 

****** 

13 

-20*69 

180*0 

14 

*••••* 

15 

-25*86 

180*0 

16 

17 

****** 

-29*45 

180*0 

18 

19 

**•••• 

-32*25 

180*0 

20 

****** 

21 

-34*57 

180*0 

-  22 

*••••• 

*•••** 

23 

-36*57 

180*0 

24 

****** 

****** 

25 

-38*32 

180*0 

26 

4*44** 

***4*« 

27 

-39.89 

180*0 

28 

****** 

****** 

29 

-41*31 

180*0 

30 

31 

****** 

-42*62 

180*0 

32 

444444 

ftftt# 

33 

-43*82 

180*0 

34 

***•«* 

**44*» 

35 

-44*94 

180*0 

36 

37 

-45*99 

180*0 

38 

44444* 

****** 

39 

-46*97 

180*0 

40 

41 

**»••* 

-47*90 

180*0 

42 

43 

-48*77 

180*0 

44 

44444* 

****** 

45 

-49.61 

180*0 

46 

47 

**•••• 

-50*40 

180*0 

48 

*44*** 

***¥¥4 

49 

-51*16 

160*0 

i  i 


S£Sagaaa^a^^a^bSea^^  W;’^  >  *  '-  'Xj-Sl 


0 


-  -  - 

'  - 

-  -  -  - 
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TABLE  23 

MODULATED  CARRIER 

SPECTRAL  DATA 

A*  10 

B*0.90  C-1.80 

D«0.10 

N 

MAGNITUDE 

PHASE 

(DB) 

(DEG) 

0 

-47.99 

180.0 

i 

-22.70 

-5.2 

2 

-48.02 

166.9 

3 

-22.06 

-15.7 

4 

-48.10 

153.8 

5 

-20.57 

-26*1 

6 

-48.24 

140.6 

7 

-IT.  4  9 

-36.4 

8 

-48.43 

127.4 

9 

-9.26 

-46.5 

10 

-6.08 

-51.4 

11 

-107 60 

123*4 

12 

-49.03 

100*6 

13 

-21.4? 

113*6 

14 

-49.45 

87*1 

is 

-27.27 

104.1 

16 

-49.98 

73.4 

IT 

-31*60 

95.0 

18 

-50*63 

59.9 

19 

-35.24 

f*T*3~ 

20 

-51.41 

46.5 

21 

-38.49 

78.2 

22 

-52*32 

33.4 

23 

-41.49 

70.9 

24 

-53*34 

20.9 

25 

-44*29 

64.4 

26 

-54*46 

9.1 

11 

-46*93 

58.8 

28 

-55*67 

-2.0 

29 

-49.42 

54.1 

30 

-56.94 

-12.5 

31 

-51.75 

50.1 

32 

-58.25 

-22.1 

33 

-33.93 

46.7 

34 

-59.59 

-31.1 

35 

-55.97 

43.8 

36 

-60.95 

-39.3 

37 

-57.87 

41.2 

38 

-62.30 

-46.8 

39 

-39.65 

38.6 

40 

-63.65 

-53.8 

41 

-61.33 

36.6 

42 

-64.99 

-60.2 

43 

-62.91 

34.4 

44 

-66.31 

—66.0 

45 

-64.43 

32.2 

46 

-67.60 

-71.4 

47 

-65.88 

30.1 

48 

-68.87 

-76.4 

49 

-67.28 

28.0 

I  I 


I 


39 

-69.29 

-43.6 

-  "  '  -  -  ■  w  - 

-CT~.il  * 

-139.~6 

- - — - *  .... 

41 

-71.35 

-48.4 

42 

-69.94 

■=14572 

43 

-73.33 

-52.8 

-75.25 

=757W 

-77.11 

-75.03 

-78.91 


-56.8 

-149.T 

—60.6 

-15272 

—64.1 


49 


TABLE  26  MODULATED  CARRIER  SPECTRAL  DATA 
Hi 25  B«****  <>**•*  D»0.00 


MAGNITUDE 
( DB ) 

-31.60 


-31.82 

~=3T765 

****** 

-31.36 

••*•*• 

~=357^r 

*•••«* 

-30736 

«••••* 

=297  So 

**«••• 


PHASE 

(DEG) 

0.0 


0.0 

»**••• 


=27750 

*•**•• 

-75733 

«*••*• 

"=23*00 

*•*••• 

=11 71*' 

**{H»«* 

•-9.T6" 

-6.02 

-10.11 

****** 

^19.T9 

****** 

=24.75" 

****** 


0.0' 

•••••• 

0.0 


**•••• 

. over 

****** 

-  o".o” 
o.o 


180.0 

h**»«* 

180.0 


•••••* 

-307*6" 

****** 

-327*9 


****** 

'  160.0 
*««**• 

160.0 

»«••*« 


-33.74 

•«•••* 

“=37709“ 


~  18070 
****** 

18070 


45 

'  ~4* — 

47 

“41 — 
49 


"-39747" 


■'-W.-46T 


110.1“ 

*«•••* 

160.0  " 


60 


) 


TABLE  28 

MODULATED  CARRIER  SPECTRAL  DATA 

A*25 

6-0«90  C-l 

•80  D»0,10 

N 

'  MAGNITUDE 

"PHASE 

(DB) 

<DEG) 

0 

-28,83 

0.0 

1 

-34,69 

173.9 

2 

-28,78 

-9.7 

3 

-34,74 

161,9 

4 

-28,63 

-19.5 

5 

-34,82 

149,8 

6 

-28,38 

-29,4 

7 

-34,96 

137,7 

8 

—28,03 

-39,4 

9 

-35,14 

125.6 

id 

-27,36 

-49.6 

n 

-35,39 

113.4 

‘  . 12 

-26.35 

-60.0 

13 

-35,69 

101.4 

14 

"^28.18 

—70,5 

15 

-36,05 

89,4 

16 

-25.15 

-81.1 

17 

-36,46 

77.6 

18 

-23.73 

-91.8 

19 

-36.92 

65.9 

20 

-21,62 

-102.4 

21 

-37.40 

54.3 

22 

-18.05 

-113.0 

23 

-37.91 

42.8 

24 

-9.44 

-123.6 

25 

-6.21 

-128.4 

26 

-10.45 

45,8 

27 

-39.04 

19.6 

28 

-21.09 

35.3 

29 

-39.69 

7.7 

30 

-26,73 

25.1 

31 

-40.42 

—4,2 

*2 

-30,98 

15.3 

33 

-41.25 

-16,2 

34 

-34.62 

6#1 

35 

-42.20 

-28.1 

36 

-37.93 

-2.6 

37 

-43.27 

-39,7 

38 

-41.04 

-9,0 

39 

-44,45 

-50,8 

40 

-43,98 

-14.4 

41 

-45.73 

-61.3 

42 

-46.72 

-18,2 

43 

-47,09 

-71.1 

44 

-49,22 

45 

-48,51 

-60.2 

46 

-51,43 

-21.6 

47 

-49.97 

-88.4 

48 

-53.33 

“-22T.T 

49 

-51.45 

-95.9 

TABLE  30  MODULATED  CARRIER  SPECTRAL  DATA 


C-l.80 


MAGNITUDE 
Cl 
2 
2 


•  46 

•2L 

.15 

•  64 


-21.72 

-33.09 


144*6 

-58*3 


r 

5 


?2 
-147.3 


3 

132.8 


-21.16 

-27.59 


24.09 


17.5 


-46.6 

-43.2 


52.66 
-54.02 
-55.50 
-56.82 
~=5F irr 
-59.50 
-50Y62 
-62.06 
-63.33 
-64.53 


15.4 

74.2 
63.8 

30.3 

53.4 


38.76 

-16.5 

41.44 

-126.7 

'4?;32 

-36.6 

44.98 

-132.6 

'46.23 

-50.2 

-47.99 

-143.2 

- — — - - - 

. 

154.0 

-69.2 

•163.4 

•171.7 

-86.3 

■179.3 

-9T.T 

173.6 

■100.5 

167.4 


